Electrostatic effects on the kinetics of electron transfer reactions of cytochrome c caused by binding to negatively charged lipid bilayer vesicles.
The effect of binding reduced tuna mitochondrial cytochrome c to negatively charged lipid bilayer vesicles at low ionic strength on the kinetics of electron transfer to various oxidants was studied by stopped-flow spectrophotometry. Binding strongly stimulated (up to 100-fold) the rate of reaction with the positively charged cobalt phenanthroline ion, whereas the rate of reaction with the negatively charged ferricyanide ion was greatly inhibited (up to 60-fold), as compared with the same systems either at high ionic strength or at low ionic strength either in the presence of electrically neutral vesicles or in the absence of vesicles. Reactions of tuna cytochrome c with uncharged or electrically neutral oxidants such as benzoquinone and Rhodospirillum rubrum cytochrome c2 were unaffected by binding to vesicles, suggesting little or no effect of membrane association on cytochrome structure or accessibility of the heme center. The kinetic effects were largest at lower cytochrome c to vesicle ratios, where there was a greater degree of exposure of negatively charged regions on the membrane. The reduction of cobalt phenanthroline and ferricyanide by bound cytochrome c proceeded by nonexponential kinetics, as compared with the monophasic kinetics observed in the absence of vesicles. This was probably due to the heterogeneous distribution of vesicle sizes which exists at a given lipid to protein ratio. Nonlinear oxidant concentration dependencies were observed for cobalt phenanthroline oxidation of membrane-bound cytochrome c, consistent with a (minimal) two-step kinetic mechanism involving association of the oxidant with the membrane followed by electron transfer. Based on a comparison of second-order rate constants as a function of lipid to protein mole ratio, binding of cytochrome c to the bilayer increased the efficiency of the cobalt phenanthroline reaction by a factor of approximately 500 at the highest lipid:protein ratio used. The results suggest a mechanism involving attractive and repulsive electrostatic interactions between the negatively charged bilayer and the electrically charged oxidants, which increase or decrease their effective concentrations at the membrane surface.